Aims: To characterize bacteriophages with strong in vitro lytic activity against vancomycin resistant Enterococcus faecium before testing on the chicken skin for their efficacy. Study Design: An experimental was carried out to characterize two isolated bacteriophages against Enterococcus faecium and test for their efficacy on chicken skin. Study Place: The study was carried out in Laboratory of Vaccine and Immunotherapeutics, Institue of Bioscience, Universiti Putra Malaysia in Selangor, which is the most populous state in Malaysia. Methodology: Two host specific lytic phages against vancomycin resistant Enterococcus faecium strain FM8, designated as FM8-P1 and FM8-P2 were physiological characterized. This includes determination of their adsorption rate, multiplicity of infection, and single step growth kinetics. The optimum pH and temperature for both bacteriophages activity were also determined before tested
INTRODUCTION
Chicken meat production is a major product from Malaysian poultry industry [1] Despite the efficiency of the intensive farming system, many problems remain to be resolved. One of the problem involves pathogens such as Enterococcus spp., namely E. faecalis and E. faecium, which is under the spotlight of the authorities in this industry [2, 3] .
Despite the fact that E. faecalis is more pathogenic than E. faecium, the latter exhibits more resistance towards antibiotics [2] . The E. faecium is also of higher concern to veterinary inspectors due to their regular presence in poultry and livestock products [3, 4] . The relative importance of E. faecium as a pathogen has increased with the occurrence of high-level resistance to multiple antimicrobial drugs such as aminoglycosides, ampicillin, linezoid, teicoplanin and vancomycin [5, 6] . Once the patients are infected by these bacteria, it becomes a health concern as vancomycin is used as the last resort of antibiotics [2] . Hence, other methods to overcome vancomycin resistant Enterococcus (VRE) should be taken into consideration.
One of the alternative approaches to control the bacteria load is by phage therapy. The lytic bacterial viruses are capable of lysing bacteria, and specific lytic phages can kill pathogenic bacteria in their own habitat without interrupting other organisms [7] .
In this study, isolated phages with strong in vitro lytic activity against vancomycin resistant E. faecium were characterized and tested on the chicken skin for their efficacy. This study is designed to test the hypothesis that bacteriophage against Enterococcus spp. resistant to vancomycin could be isolated in the chicken fecal contaminated area, including the chicken carcass. The isolated bacteriophages are also able to be optimized for eradicates its host effectively.
MATERIALS AND METHODS

VRE Strains and Characterization
Vancomycin resistant E. faecium (VREfm) isolate (FM8) was obtained from the Faculty of Veterinary Medicine, Universiti Putra Malaysia. It was isolated from a human source and contained p1 vanA gene [8] . A single colony from the Brain Heart Infusion (BHI) agar plate was selected and inoculated into 3 ml BHI broth and incubated at 37 °C for overnight. The VREfm FM8 minimum inhibitory concentration (MIC) against vancomycin was confirmed by streaking on BBL Enterococcosel TM agar with up to 48 µg/ml vancomycin incorporated. All the plates were incubated at 37°C for overnight. Enterococcus spp. resistance to vancomycin formed white colonies with blackening background on the agar.
Phage Isolation, Detection and High Titer Preparation
Samples were obtained from chicken skin in Selangor, Malaysia. The skin samples were brought to the laboratory to be processed separately for phage screening.
Liquid sample was filtered through 0.2 µm-poresize membrane filter and 10 ml of the filtrate was mixed with 10 ml of double strength BHI broth containing the 1 % (v/v) log phase VREfm FM8 isolate. For solid samples, 2 g was suspended in 20 ml of the double strength BHI broth inoculated with 1% (v/v) mid-log phase VRE isolate. The mixture was incubated at 37°C with agitation at for 24 h. The culture was then centrifuged at 6500 x g for 20 min at 4°C. The supernatant was filtered through 0.2 µm-poresize membrane filter and the filtrate was used for phage screening by spot assay as described by Wang et al. [9] . An individual plaque was isolated and picked out via stab sampling by stabbing and extracting the plaque out using pipette before storing in 1 ml SM buffer in a microcentrifuge tube. The tube was slightly tapped before being used for enumeration using double layer agar assay as described by Kropinski et al. [10] , but with slight modification. A 100 µl VREfm FM8 in the mid-log phase was inoculated with 100 µl of SM buffer containing the plaque. The mixture was incubated at room temperature for 5 min, mixed with 3 ml of melted BHI soft top agarose [15% (w/v) BHI broth, 0.6% (w/v) agarose], vortexed at low speed and poured uniformly over the surface of hard BHI agar base plate [15% (w/v) BHI broth, 1.5% (w/v) agar]. The plate was left to stand at room temperature to allow the top agar to solidify. The plate was inverted and incubated at 37°C for 5 h. After incubation hours, the formation of plaques was being observed and enumerated. Plaques were counted in the plate containing 30 -300 plaques and expressed as plaque forming unit per milliliter (PFU/ml).
Pure phage strain was obtained by three serial single-plaque isolations. The phage isolates were designated as FM8-P1 and FM8-P2. The purified phage was prepared by CsCl step gradient and dialysed against 1 liter of SM buffer containing 1 M NaCl, at 4ºC for overnight. The phage then was filter sterilized using 0.2 µm-pore-size membrane and stored in the dark at 4ºC.
Host Specificity of the Phage
The lytic ability of the isolated phage against several selected bacteria (Table 1) was conducted. Three hundred μl of indicator bacteria (mid-log phase; OD 600 = 0.3; ~ 1 x 106 CFU/ml) was incubated with 100 μl of isolated phages (~ 1 x 10 7 PFU/ml) for 30 min. The mixture was then serially diluted in 900 μl maximum recovery diluent (MRD) (1 g peptone, 8.5 g NaCl in 1 L distilled water) and at appropriate dilutions, 100 μl of the sample was obtained for enumeration of the bacteria on selective agar (Table 1) . After incubation at suitable condition (Table 1) , the total numbers of bacterial colonies formed were counted. VREfm FM8 was used as the positive control. The experiment was carried out in triplicate and repeated three times.
Multiplicity of Infection
An optimum multiplicity of infection (MOI) is important as it conveys the activity and effective ratio for the elimination of host bacteria, as the method counts only those phages that have attached to and then infected the host, to form active interaction between both microorganisms [10] . The determination was done by mixing the respective phages lysate (FM8-P1 and FM8-P2) with 10 6 CFU/ml mid-log phase host bacteria at MOI 0.01, 0.1, 10.0, and 100.0. The mixtures were then incubated at 37°C with agitation (180 rpm). Samples were taken at 60 min intervals for the first 2 h and 30 min intervals for the next 2 h to determine the titer of phages by double layer agar method and the number of viable bacteria was determined by spread plate technique. The experiment was done in triplicate and repeated three times. Optimum MOI of the phages were identified and subjected for subsequent studies.
Growth Kinetic Study of Phage
Single step growth curve was conducted to determine the latent period and burst size of the phage as described by Hyman & Abedon [11] . In this study, phage lysate was added to mid-log phase host bacteria at MOI of 0.01. After a 10 min of incubation, free phage was removed by centrifugation at 5000 x g for 5 min at 4°C. The infected pellet was resuspended thoroughly in pre-warmed BHI broth. The suspension was then incubated again at 37°C with agitation at 180 rpm. Samples were taken at 10 min intervals and titrated immediately to enumerate the phage titer. The titer of phage was then plotted against time intervals. The experiment was done in triplicate and repeated three times.
Adsorption Rate of Phage
Determination of the adsorption rate of phage FM8-P1 and FM8-P2 was performed according to Hyman and Abedon [11] . Mid log phase host bacteria were infected with a known titer of phage at a MOI 0.01 at 37°C. After infection, 300 μl of the sample was taken out every 2 min for the first 20 min, followed by every 5 min for the next 15 min. The samples were centrifuged at 5000 x g for 3 min at 4°C to remove the bacteria and adsorbed phage. The supernatant was serially diluted immediately with SM buffer, and the concentration of free phage was determined by double layer agar method. The experiment was done in triplicate and repeated three times. The time point for the highest percentage of adsorption to occur for both phages was used for the subsequent experiments.
Determination of Optimum pH
Determination of optimum pH for phage activity was done by adding 0.5 ml of mid-log phase of host bacteria to 0.5 ml of phage lysate (10 7 PFU/ml) at MOI 0.01 and resuspended in 4 ml BHI broth with pH 3, 4, 5, 6, 7, 8, 9, 10 and 11. Control tubes which contained either phage only or host bacteria only were set up for each of the tested pH. All the tubes were incubated at 37°C with agitation. After incubation, 1.0 ml of samples from phage control and phage-bacteria mixture tubes were taken out, centrifuged at 13,000 x g for 0.5 min and the supernatant was used for determination of the remaining free phage titer.
Incubation proceeded until 3 h. At this point, samples were removed from host bacteria control and phage-bacteria mixture tubes to determine the reduction of host bacteria by using spread plate technique and phage count was done by using double layer agar technique. The experiment was done in triplicate and repeated three times.
Determination of Optimum Temperature
In determination of optimum temperature for phage activity, 0.5 ml of phage lysate (10 7 PFU/ml) was added to 0.5 ml of mid-log phase host bacteria (MOI = 0.01) which was then resuspended in 4 ml BHI broth (pH 7.0) and incubated at different temperatures (4°C, 25°C, 37°C and 60°C). Control tubes which contained either phage only or host bacteria only were set up for each of the tested temperatures. All the tubes were incubated at designated temperatures with agitation. After incubation, samples from phage control and phage-bacteria mixture tubes were taken out, centrifuged at 13,000 x g for 0.5 min and the supernatant was used for determination of the remaining free phage titer. Incubation proceeded until 3 h. At this point, samples were removed from host bacteria control and phage-bacteria mixture tubes to determine the reduction of host bacteria by using spread plate technique and phage count was done by using double layer agar technique. The experiment was done in triplicate and repeated three times.
VREfm FM8 Antibiotic Susceptibility Test
VREfm FM8 were streaked onto Enterococcosel agar, containing streptomycin sulphate, penicillin G, methicillin-sodium salt monohydrate, ampicillin sodium, or kanamycin monosulphate. The concentration of the antibiotics assigned was 0.001 mg/ml, 0.01 mg/ml, 0.1 mg/ml and 1 mg/ml. All the plates were incubated at 37°C for overnight. Then, the plates were observed for colony formation. Plates containing Enterococcus sp. resistant to the antibiotic tested formed blackening of Enterococcosel agar and formation of white colony bacteria.
Vancomycin Resistant Enterococcus on Chicken Skin Samples
The experiment was done as described by Hungaro et al. [12] . Fifteen samples of chicken's skin from a local market in Serdang were obtained and individually wrapped in an autoclave bag. The skin was then removed from the bag and air dried for 30 min in the laminar flow. About 10 cm 2 random area of three different parts on a piece of chicken skin was swabbed by using cotton wool swab. The sample was eluted in 1 ml MRD and vortexed for 30 sec. The eluted sample was serially diluted and was plated on BBL Enterococcosel TM agar containing 32 µg/ml vancomycin. The plates are incubated at 37°C for overnight, before being observed. The formations of white colonies with blackened agar indicate the presence of VRE. VREfm FM8 was used as a negative control. The experiment was performed in triplicates and repeated three times.
Elimination of VRE load on chicken skin at low MOI
The elimination of VRE load on chicken skin at low MOI experiment was done as described by Hungaro et al. [12] . Chicken skin pieces (8 cm 2 ) were inoculated in triplicate with 5.5 ml of 10 6 CFU/ml VRE FM8 and the inoculum was distributed over the surface using a glass spreader to produce host density of approximately 10 3 CFU/cm2. The samples were then incubated at 4°C, for 2 h in sterile plastic containers. After the incubation, 5.5 ml of phage (10 3 CFU/ml) was sprayed onto the surface of the chicken skin using a garden sprayer, to obtain 10 PFU/cm 2 . The MOI tested in this experiment was 0.01. Prior to phage treatment, cotton wool swab samples were taken from three separate 10 cm 2 areas of each chicken skin portion. Subsequently, swabs were collected at 6, 12, 18, 24, 36, 48, and 72 h after treatment with phage. These swab samples were taken twice at the same area and eluted in 1 ml of MRD and SM buffers separately. The target bacteria (VREfm FM8) from MRD buffer were quantified by plating appropriately diluted samples on BHI agar with 32 µg/ml vancomycin. The BHI agar was added with 32 µg/ml vancomycin, as referred to the result of Section 2.11, which VREfm FM8 known to be able to tolerate 32 µg/ml, while wild Enterococcus spp. did not. The number of viable VRE per cm 2 was estimated from the result of the three swab samples. Whereas for the enumeration of phage, plaque assay using the double layer agar method was performed. A set of control was prepared by applying the required concentration of phage without bacteria; the host without phage and without host and phage. The experiment was repeated by incubating the samples at 25°C and swab samples were taken at swabs were collected at 3, 6, 12, and 24 h after treatment with phage. Shorter experiment time applied for incubation at 25°C is based on the result of Section 3.8, which conveyed both phages has high lytic activity at room temperature. The experiment was done in triplicates and repeated for five times.
Elimination of VRE load on chicken skin at high MOI
The experiment was set up as described in Section 2.12, except that 5.5 ml of 10 5 PFU/ml of phage was used. The MOI tested in this experiment was 100. The target bacteria and phages were quantified as described in Section 2.12. The experiment was done at 4°C and 25°C. The experiment was done in triplicates and repeated for five times.
Statistical Analysis
The significant differences of mean PFU/ml and mean CFU/ml obtained from chicken skin with different treatments were discriminated using analysis of variance and paired t-test. The analysis of variance is used to determine significant differences between the means of three and more independent groups of samples tested. While paired t-test was used to compare a sample group's score before and after an intervention. The confidence interval used for both were 95% and all data were analyzed with SPSS for Windows version 17.
RESULTS AND DISCUSSION
Host Specificity of the Phage
FM8-P1 and FM8-P2 were examined for their ability to infect other selected bacteria species (Table 1) . The phages could not lyse other bacteria apart from the original host in which they were isolated from, including other VRE strains tested. Host specificity is an important aspect of phage therapy [13] . Most phages have narrow host range, such as MAK 745 against V. cholera, P100 against L. monocytogenes and ECP-100 against E. coli O157:H7 [14] . Similarly, the phages in this study also only recognized the host in which they were isolated from.
In phage therapy, only lytic phages are used as they are able to kill the bacteria at the end of the infection cycle. In the present study, both phages produced clear plaques and led to broth lysis within 3 h. This provided an indication on the high susceptibility of the bacteria host to the isolated phages which successfully lyzed the bacteria [15] .
Bacteriolytic Activity
The efficiency of bacteria reduction and propagation of the phage is affected by the multiplicity of infection (MOI) used. MOI refers to the number of phage particles added to the bacteria per cell [16] . Optimum MOI was considered as MOI value at which the phage exhibit highest phage increment rate (ratio of total phage increment to time recorded) and host reduction rate (ratio of total host reduction to time recorded). Various times of highest increment of phage titer was recorded, suggesting the phages might have different times of adsorption. FM8-P1 and FM8-P2 have optimum MOI 0.01. The phages signified one particle of phage could lyse 100 host cells. Both phages exhibited the lowest MOI value, indicated the phages has the ability to lyse the host with higher density.
Single Step Growth Curve of Isolated Phages
The single step growth curves of both phages, FM8-P1 and FM8-P2 are presented in Fig 1. In the growth kinetic study which was done by single step growth experiment, FM8-P1 was found to have a longer latent period compared to FM8-P2, with bigger burst size. Fig. 1 (a) shows the FM8-P1 burst size (460 PFU/infected cell) was bigger than the average for tailed phage, which is 50-100 PFU/ infected cell [16] . Whereas, FM8-P2 ( Fig. 1(b) ) has a shorter latent period (30 min) compared to the average for tailed phage (40-60 min) [17] . According to Ackermann [18] medians of latent period and burst size for tailed phages of Caudovirales are typically 40-60 min and 50-100, respectively, to be regarded as having effective lytic activity. Thus, both FM8-P1 and FM8-P2 are able to be considered as effective lytic phages.
The growth kinetic study also informs us the complete replication cycle of FM-P1 is 60 min (Fig. 1 (a) ), while for FM8-P2 is 40 min (Fig. 1  (b) ). In biocontrol and therapeutic use, phages with long lysis cycle are not preferred because it would delay the initiation of new infections [19] . A phage with short lysis time would be able to infect and eradicate more host cells in the environment earlier [18] . Thus, new progenies of phage can be produced rapidly and abundantly, which could then repeat the infection cycle [19] .
Adsoption Rate of Isolated Phages
The phage specificity is conferred by its specificity of adsorption. This is dependent on the unique structural receptors on the bacterial cell surface, its localization on the cell surface, their amount and density at various cell wall sites [19, 20] . The adsorption rate of the phage to the host was determined and both phages have slightly different adsorption rate. Both isolates have rather a rapid adsorption activity, in which 83% of FM8-P1 and 90% of FM8-P2 adsorb to the host within 2 min and 4 min, respectively (Fig. 2) . As compared to ØfEF24C, phage against vancomycin resistant E. faecalis, the adsorption rate within 5 min was about 90% [21] .
Determination of Optimum pH
The adsorption of the phage may be affected by physical-chemical factors, such as pH, temperature, presence of certain substances and ions in the medium, and also depending on the host physiological state and cultural conditions [16, 22] . Thus, the activities of the phage isolates at different pH and temperature conditions were determined.
External factor such as acidity can inactivate a phage through damage of its structural elements (head, tail, envelope), lipid loss, and/or DNA structural changes [23] . Thus, it is important for us to determine optimum storage pH and suitable for the phage application to acquire maximum host elimination. The adsorption of FM8-P1 occurs at all tested pH with more than 1.0 log PFU/ml, except pH 11 ( Fig. 3 (a) ), as the host cannot withstand the alkaline condition up to that pH. At the end of 3 h infections, total elimination of host was observed at pH 4, 5, 6, 7, 8, 9, and 10 ( Fig. 3 (b) ). On the other hand, although FM8-P2's titer was reduced at pH 3, adsorption to host still occurred. The adsorption of phage took place at pH 4, 5, 6, 7, 8, and 9, with highest adsorption occurring at pH 8 with 1.55 log PFU/ml (Fig. 3 (a) ). There was no significant difference of phage adsorbed with the initial titer of phage at pH 10 and 11, indicating no adsorption occurred at this tested environment. A significant host reduction occurred after 3 h infection at all pH tested, except pH 11. At pH 5, 6, 7, 8, 9 and 10, more than 6 log CFU/ml host was reduced, with total elimination at pH 7 ( Fig. 3(d) ).
Fig. 1. Single step growth curves of (a) FM8-P1 and (b) FM8-P2
Values represent the mean + SD of triplicate 
Fig. 2. Adsorption ability of phage of (a) FM8-P1 and (b) FM8-P2
Values represent the mean + SD of triplicate
Determination of Optimum Temperature
Apart from pH, temperature plays an important role to determine the occurrence, viability, and storage of bacteriophages [24, 25] . The determination of optimum temperature for phage activity was carried out to observe the effectiveness of phage adsorption to occur, survivability and lytic capability of the phage, under different temperatures. The result shows FM8-P1 was significantly adsorbed onto the host at 25°C and 37°C with 1.13 log PFU/ml and 1.18 log PFU/ml, respectively (Fig. 4 (a) ). In the other hand, the total reduction of host challenged with FM8-P2 was observed after 3 h infection at 25°C and 37°C. At 4°C, only a reduction of 1.1 log CFU/ml host was observed (Fig. 4(b) ). Both phages were able to propagate and increase by approximately 3 log PFU/ml at 25°C and 37°C. FM8-P1 could lyse all hosts bacterial resulting with total elimination at both temperatures tested, while FM8-P2 reduce the host at approximately 4 log CFU/ml at 25°C and 6 log CFU/ml at 37°C. As for the phage, FM8-P2 was significantly adsorbed at 25°C and 37°C, with the highest adsorption of phage equivalent to 1.6 log PFU/ml at the later temperature (Fig. 4 (c) ). The host reduction after 3 h FM8-P2 infection at 37°C was 2 log CFU/ml higher than 25 °C with a resultant reading of 6.4 log CFU/ml and 4.1 log CFU/ml respectively (Fig. 4(d) ). Both phages show the ability to withstand 60°C.
Both phages also show the ability to resist 60°C temperature. The phages higher temperature tolerance than the host, suggests the viability of the phage in the environment could be prolonged [23, 24] . However, at lower temperatures (4°C), both phages experienced no significant change in concentration, and the same occurrence was observed to the host. The temperature below optimum might effects the numbers of coalition among phage and host. Apart from that, low temperature also suggests the possibility of phage inactivation [25] . Thus, fewer phage genetic material penetrates into the bacterial host cell and fewer of them can be involved in the multiplication phase [25] . VREfm FM8 was susceptible to different antibiotics at different levels. As referred to Table 1 , growth of the bacteria was not observed at the concentration of 0.01 mg/ml and above for ampicillin and kanamycin. The growth of VREfm FM8 was inhibited at 0.1 mg/ml of methicillin, penicillin and streptomycin.
Presence of vancomycin resistant Enterococcus on chicken skin samples
From all 15 samples tested, all show no availability of the Enterococcus spp. that can withstand 32 µg/ml of vancomycin. Although there were Enterococcus spp. existences on the chicken skin, they are not resistant to vancomycin. The normal flora of the chicken skin in this study was found to be insusceptible to vancomycin above 32 µg/ml, while VREfm FM8, which contained the vanA gene was recorded to have a MIC of 64 mg/ml [26] . This outcome assures, there is no Enterococcus spp. in the background that can disturb the result of subsequent tests. Thus, the effects of the phages on VREfm FM8 population can be determined by enumeration on Enterococcocel agar plate containing 32 µg/ml vancomycin. 32 µg/ml is MIC for mild vancomycin resistance in Enterococcus spp.
Elimination of phage to reduce VREfm FM8 load on chicken skin
The effectiveness of phage to eliminate target bacteria depends on several factors such as the phages over target bacteria ratio, the mode of treatment, and environmental conditions. Thus, it is essential to test the phages using a model in which the phage would be eventually applied on in order to measure its efficiency. In the present study, as the phages are intended to reduce VRE load on processed chickens, the isolated phages, FM8-P1 and FM8-P2, were tested on chicken skin at 4°C and 25°C, using a high (MOI 100) and low (MOI 0.01) phage to bacteria ratio. Both of the temperatures were selected based on the condition of chiller storage in hypermarkets (4°C) and wet markets (25°C). At 4°C with a MOI 0.01, FM8-P1 was able to survive for 36 h, in the presence or absence of the host bacteria ( Fig. 5 (a) ). In the absence of host bacteria, the phage titer maintained at 3.4 -2.9 log PFU/ml for 36 h as shown in Fig. 5 (a) . In the presence of bacteria host, the phagetitre was significantly higher than the initial titer at 6-24 h, with the highest increment of phage (2 log PFU/ml) at 12 h. At a higher MOI (MOI 100), the phage titre of FM8-P1 at the end of the experiment was generally lower (3.6 log PFU/ml) than the initial titre (4.2 log PFU/ml) for all incubation period until 72 h (Fig. 5 (c) ). In the presence of bacteria, the phage titer was generally lower than the initial titer in the absence of bacteria. However, the FM8-P1 experienced increments of 0.2 log PFU/ml (4.9 -5.1 log PFU/ml) at 18 -24 h, before it gradually decreased until 72 h (2.8 log PFU/ml). The population of bacteria decreases throughout time in the absence of phage at 4°C (Fig. 5 (b) ). The population of VREfm FM8 at this temperature when challenged with FM8-P1 at low MOI, increased from 3.6 log CFU/ ml at 0 h to 5.2 log CFU/ml at 18 h. Subsequently, the population was reduced to 2.9 log CFU/ml at 72 h. The same trend of bacteria growth was observed in the presence of phage except that the highest population of bacteria achieved was lower than in the absence of phage, which is 4.6 log CFU/ml at 12 h. FM8-P1 reduced the host by 2.9 log CFU/ml during the first 48 h, with total elimination at 24 h ( Fig. 5 (d) ). However, a regrowth of bacteria was observed subsequently.
On the other hand, FM8-P2 showed a different trend. The phage was found to be stable for at least 72 h in the absence of host ( Fig. 6 (a) ). In the presence of host, an increment of phage (5.8 log PFU/ml) was observed at the end of the experiment. As for bacteria host challenged with FM8-P2, a significant reduction (4.2 -2.6 log CFU/ml) of VRE FM8 was observed at 12 -48 h (Fig. 6 (c) ). For FM8-P2, the phage titer maintained at 4.5 log PFU/ml for 6-72 h in the absence of host (Fig. 6 (c) ). In the presence of the host, the phage titer was significantly higher for all incubation period. The reduction of bacteria host was higher for both phages at higher MOI compared to the lower MOI. In the presence of FM8-P2, the VREf FM8 load was maintained at 2.6 -3.1 log CFU/ml during the experimental period ( Fig. 6 (d) ). Highest reduction (2 log CFU/ml) of bacteria occurred at the 12 th and 18 th hour. 
CONCLUSION
Two isolated phages, FM8-P1 and FM8-P2, against vancomycin resistant Enterococcus. faecium strain FM8 (VREfm FM8) were physiologically characterized. The specificity and lytic activity of the phages for VREfm FM8 emphasized the potential used of FM8-P1 and FM8-P2 for inhibition of VRE in the environment. FM8-P1 and FM8-P2 had optimum lytic activity against VREfm FM8 at MOI of 0.01 in a bacteriolytic activity test. Both phages had stability in wide range pH and temperature, indicating that it can be stored and positively applied at various conditions. Thus, FM8-P1 and FM8-P2 are expected to be effectively used as biocontrol of VRE-contaminated chicken skin surface and to prevent threat caused by VRE infection. However, further studies about their genomic characteristic and antibacterial activity of these phages in situ will be required to expand its application.
